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LIST OF SYMBOLS

AC — Alternating Current

CPU — Central Processing Unit
DC — Direct Current

GUI — Graphical User Interface
HMI — Human-Machine Interface
I/O — Input/Output

IP — Internet Protocol Address
LAN — Local Area Network

LED — Light-Emitting Diode

mA — Milliampere

No — Number

PLC — Programmable Logic Controller
RAM — Random Access Memory
ROM - Read-Only Memory

V —Volts

VDC — Volts Direct Current



ABSTRACT

This paper examines the development of a test bench based on PLC, HMI, and
external components. This setup will be tested with several software programs in order to
achieve a full interaction with all the components. The present study provides deep learning
about the hardware by analyzing its characteristics and scope in more detail. Also, it provides
a profound knowledge of the software functions, commands, and initialization. Furthermore,
this thesis contains many introductory examples involving digital and analog I/O, such as
turning on a LED and manually controlling the input voltage range. After all, a parking
garage simulation, which involves all the hardware, will be built as a real PLC and HMI
application.

To sum up, this work can be a manual for future students to show how to program this

test bench and get the required knowledge to develop real-world applications.

Key words: PLC, HMI, software, sensors, configuration, input, output, voltage.



ANOTACIJA [LV]

Saja raksta ir apskatita testa stenda izstrade, pamatojoties uz PLC, HMI un argjiem
komponentiem. ST iestati§ana tiks parbaudita ar vairakam programmatiras programmam, lai
panaktu pilnigu mijiedarbibu ar visiem komponentiem. Sis pétijums sniedz dzilas zinaganas
par aparaturu, detalizétak analizjot tas Tpasibas un apjomu. Tas arT nodroSina padzilinatas
zinasanas par programmatiiras funkcijam, komandam un inicializaciju. Turklat $aja darba ir
ieklauti daudzi ievada pieméri, kas saistiti ar digitalo un analogo I/O, pieméram, gaismas
diodes ieslégsana un manuala ieejas sprieguma diapazona kontrole. Galu gala autostavvietas
simulacija, kas ietver visu aparatiiru, tiks izveidota ka ista PLC un HMI lietojumprogramma,

Rezumgjot, Sis darbs var biit rokasgramata topoSajiem studentiem, lai paraditu, ka
programmét So parbaudes stendu un iegiit nepiecieSamas zinasanas, lai izstradatu realas

pasaules lietojumprogrammas.

Atslegas vardi: PLC, HMI, programmatiira, sensori, konfiguracija, ieeja, izeja, spriegums.



INTRODUCTION

This Project is based on setting up a test bench including a PLC, an HMI and external
components. Recently, PLCs and HMIs are taking a step forward in industrial automation and
control systems, so the idea is to get more information about them. In this thesis some
introductory sections related to PLC and HMI are argued, with the aim of knowing their
definition, history, operation, components, configuration... On the other hand, external
components have been added to the configuration by attaching them to the PLC or through a
circuit board directly connected to the PLC. Thus, these components are able to interact with
the PLC and the HMI thanks to the development of specific software, allowing the user to
simulate real-world applications. It can be shown in the project from basic examples to an
extensive simulation of a car park that can be emulated with the computer, PLC, HMI, or
with all of them together. This work is also a manual for future students who want to improve
their knowledge on this subject. Therefore, it includes the steps to initialise both CX-
Programmer and NB-Designer software, as well as the main commands in the program are
explained with a variety of examples.

Basically, the thesis not only presents a complete project, but also serves as a practical
guide for students interested in expanding their knowledge of PLCs, HMIs and related

software.



1. HARDWARE

1.1. PLC
A PLC is a ruggedized industrial computer designed to perform and control different
automated processes, especially for industrial applications. As a result, PLCs have become a

fundamental tool in order to develop industrial technological processes. In my case, I will test

the “CJ2M” OMRON PLC as seen in the Figure 1.1.

Fig. 1.1. OMRON PLC

1.1.1. Components and functioning

Broadly speaking, a PLC is composed of few basic parts. Despite the fact that they
might look slightly different from various manufacturers, the purpose and scope of each
component are the same.

Firstly, its power supply has to be mentioned, which converts the AC taken from the
outlet to unregulated DC suitable for the PLC and its components. Secondly, the CPU
appears, which is responsible for executing the user-defined program. It processes input
signals, performs logic and arithmetic operations, and sends output signals to the connected
devices. Moreover, related to PLC racks, it is a hardware assembly that house and organizes
the various components of a PLC system. In addition, the /O Modules are used to connect
the processor to the field devices. So, an input module detects the status of input signals such

as switches, push-buttons, temperature sensors... On the other hand, an output module



controls devices such as lights, relays, motor starters, etc. Commonly, depending on the
specific application, I/O modules may be digital or analog. In Figure 1.2 can be shown a

typical PLC I/O system connection.

Input module Output module
0 4 8 12 24VDC 0 4 8 12| 240 VAC
1 5 9 13 input ) . 1 5 9 13| output
2 6 10 14 | module Field device 2 6 10 14 | module
3sf7H11015 power supply sf7011015
L2540 vac {1
—0— 0 ey INO P VAC
! v IN 1 ﬁ % ouTo
Y oy IN2 'S 0 I OouT 1
| ﬁ i/ IN3 @ ﬁ 7 ouT 2
—0 O *1rw IN 4 "1 ouT3
! ] IN5 _ﬁ Y%} ouT 4
ey IN6 ¢ N\ @i | |ouTs
el (7] IN7 e [*] ouT 6
e o "= IN8 1= ouT7
2 ) IN9 i & ouT 8
2 | IINn10 ! IRI ot~ | |ouTo
ﬁ vz IN 11 ﬁ A OUT 10
. o S | [INn12 oI5 | [OUT 1
O .! & IN 13 .9_ v OuT 12
2 | |IN14 )\ v a1 | |ouT 13
i @ | [5cN15 ﬁ Y ouT 14
ﬂ 24VDC }_ [ ;j‘ CcoM [ DG ﬁ -J OUT 15—+
. - —1¥] COM . COM
Field device
power supply
(a) (b)

Fig. 1.2. Typical PLC I/O system connection, (a) Analog input module and (b) analog output module

Furthermore, the Communication Interface allows the PLC to communicate with other
devices, such as a computer or an HMI. It may support various communication protocols,
namely Modbus, Profibus, Ethernet/IP, and others [1]. The common types of memory used in
PLCs are ROM, where programs and data are stored, and RAM, where data can uniquely be
read and not written [2]. Finally, PLC is programmed by a program or software configured by
a computer, as a result, it will be loaded into the PLC. It can be shown in Figure 1.3 a PLC

typical function and operation.



Programming device

ﬁ I/0O bus
Power E
supply }—*_‘:>: - CPU | Memory

I/O system modules

d 1

Output device Input device

Fig. 1.3. Typical function and operation of a PLC

1.1.2. Racks

The rack serves as the backbone of the modular PLC system that holds all the
modules together such as the CPU, Power Supply, Communication Module, /O Modules,
and additional function modules, in a single frame. PLC racks work by receiving input
signals from sensors and switches, processing them using a program logic that is stored in the

CPU, and then sending output signals to control devices in the system (Figure 1.4).

< Rack or Chassis >

1? Signal modules —T

Fig. 1.4. Different modules that are fitted in the same rack or chassis of the modular PLC system. Image source:

instrumentationblog.com

The four different racks within the PLC are the Digital input, Digital output, Analog
input, and Analog output. Each has its own characteristics and purposes. Generally, an input

module detects the status of input signals such as push-buttons, switches, temperature



sensors, etc. An output module controls devices such as relays, motor starters, LEDs, etc.
Differentiating digital and analog modules, digital I/O are referred to signals that are either
ON or OFF, 1 or 0, true or false, open or closed, so simply signals to process for a PLC. On
the contrary, Analog /O specifies signals that have a range of values much greater than just 1
or 0. For instance, an analog signal could produce a voltage anywhere in the range of 0 — 10
VDC. The signal could be 2 V, 3V, 8.5V, etc.

Each digital rack of our PLC has a set of 16 channels, where external components can
be attached, and a set of 16 LED indicators visually indicating the status of each bit. It is the
same for analog racks, they have a set of 16 channels, to which external components can be
attached, however without LED indicators. On the contrary, depending on in which exactly
bits are these components attached, will be different signal ranges such as 1-5V, 0-10V, or
—10-10V. The first rack starting from the left is the digital input, the second is the digital

output, and then the analog input and analog output [3].

1.1.3. History

The first PLC was developed by Dick Morley and Bedford Associates in the 1960s,
see Figure 1.5. PLC was developed as a solution to replace large banks of hardwired relays
and timers, performing more operations in a fraction of the time. There were several
advantages of using digital programmable controls as their small size and enormous power
efficiency. In addition, the expected lifetime of a system would certainly be much longer, as
solid-state devices, e.g. transistors, last longer. The time required to make repairs or changes
to the system would absolutely decrease, due to the changes being directly downloaded from
the computer to the controller.

In the beginning, the original specifications that were required for the PLC included a
few inputs and outputs, and a small memory. PLCs were simply known by the name Modicon
084 or “Programmable Controller”. Then, the Allen-Bradley company popularized the PLC
name and acronym in the early 1970s. During the following years, more companies entered
the PLC market and the programming software also advanced. From simple keypads
allowing direct text entry, to modern software on operating systems that can allow the user to

program and carefully document an entire process easily [4].
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Fig. 1.5. Historical photo showing from left to right: Dick Morley, Tom Bois-sevain, Modicon 084, George
Schwenk, and Jonas Landau. Image source: Automation.com

1.1.4. Applications

In today’s world, PLC systems can be found everywhere, including factories, office
buildings and even controlling the traffic on the streets. PLCs are the very heart of the control
of many critical technologies that most people do not even imagine, as a result, they are so
seamlessly and invisibly integrated into people’s life. Here are some examples of everyday
mechanical systems that are controlled by PLCs [5], see Figures 1.6 and 1.7.

e Road Traffic Signals

e The Automatic Car Wash

e The elevator

e Automatic Doors

e Parking garage

e Conveyor belts
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Fig. 1.6. Road traffic signal. Credits: FREEPIK Fig. 1.7. Conveyor belts. Image source: algevasa.com

1.2. HMI

HMI refers to a dashboard that enables a user to interact with a controller. Basically,
HMI allows users to visualize data about operations and control machinery. Similar to how
you would interact with your air-conditioning system to check and control the temperature in
your house, a plant-floor operator might use an HMI to check and control the temperature of
an industrial water tank, or to see if a certain pump in the facility is currently running [6].

Generally speaking, depending on the type of manufacturer, HMI might be composed
of a screen where it shows some visual information about the software in progress. In my

case [ will run the “NB10W-TWO01B” OMRON HMI model as seen in Figure 1.8.

NB-Series,

Fig. 1.8. OMRON HMI
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1.3. TCP/IP connections

This test bench groups together all the involved hardware via Ethernet. Basically,
Ethernet is a widely used technology for local area networks that allows devices to
communicate with each other over a wired connection. The connection between the PLC,
HMI, and computer via Ethernet typically involves establishing a communication network
that allows these devices to exchange data and commands.

Firstly, we should connect the PLC to the Ethernet network by connecting an Ethernet
cable from the PLC’s Ethernet port to an available port on the LAN. In addition, we should
configure the PLC’s Ethernet settings by assigning a unique IP address, 192.168.1.120. The
next step is to connect the HMI to the Ethernet network. This is done by connecting an
Ethernet cable from the HMI’s Ethernet port to an available port on the LAN. Also, we must
configure the Ethernet settings on the Omron HMI to match the network configuration. This
includes assigning a unique IP address, 192.168.1.120, and a subnet mask, 255.255.255.0.
The computer should also be connected to the same Ethernet network as the Omron PLC and
HMI. This is done by connecting an Ethernet cable from the computer’s Ethernet port to an
available port on the LAN. Another possibility might be to connect the computer via WIFI
with the Ethernet network, but in my case, it will be done via Ethernet cable.

Once these steps have been completed, the computer, Omron PLC, and Omron HMI
should be able to communicate with each other via Ethernet. The user can then use the

software on the computer to program and control the PLC and HMI [7], Figure 1.9.

ETHERNET CABLE

COMPUTER

Fig. 1.9. ETHERNET connection
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1.4. External components

In this project, some external components have been attached to the PLC with the aim

of testing several functions. Some of these components have been attached directly to the

PLC or through a circuit board.

Switch: An electrical switch is a device used to establish or interrupt the flow of
electrical current in a circuit. It is commonly used to control the ON/OFF state of a
circuit or to redirect the current to different paths. The type of switch argued in this
thesis is the “Push-button” Switch. This type of switch returns to its original position
when released. It is frequently used for momentary operations, such as turning on a
light or activating a device only while the button is pressed [8].

Resistor: A resistor restricts or impedes the flow of electric current in a circuit. It has
a specific resistance value that determines how much the resistor resists the flow of
current, measured in ohms. Speaking about the analog resistor, it is used to control the
voltage and current levels in a circuit. [9].

Motor: A motor is a device that converts electrical energy into mechanical energy in
order to create a rotational movement [10].

Transistor switch: A transistor switch controls the flow of current through the load by
switching itself on or off.

Diode: In this thesis, the diode protects the circuit from damaging voltage spikes.
Diodes are placed in series with each of the transistors to block the reverse current
and ensure that it does not flow through the transistors or cause any damage [11].
Optocoupler: In this project, an optocoupler consists of a LED and a photodetector
housed within a single package. The input side of the optocoupler is connected to the
microcontroller, while the output side is connected to the high-power section of the H-
bridge circuit. The optocoupler provides electrical isolation between these two
sections, preventing noise, voltage spikes, or ground potential differences from

affecting the control circuitry [12].
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2. SOFTWARE

2.1. PLC
This thesis argues the creation of PLC software by Ladder logic. A ladder diagram is

the symbolic representation of the control logic used for programming a PLC.

2.1.1. Ladder diagram

A ladder diagram, also known as ladder logic, is a graphical programming language
widely used in PLCs for creating control logic, Figure 2.1. Ladder Diagram is the official
name given in the international PLC programming standard IEC-61131. Ladder diagrams are
composed of rungs, horizontal lines of control logic, and rails, vertical lines at the start and
end of each rung. The symbols used in ladder diagrams represent different electrical and
logical components such as contacts, coils, timers, counters, and other control elements.
Logic expressions are useful to formulate the desired control operations, commonly used in

combination with the inputs and outputs.

Inputs & Logic Internal Variables
Expressions & Outputs
Rail Rail
Internal
Input 1 Input 2 Variable 1
| | ( >—
Rung 1 I | \
Internal
Variable 1 Input 3 Output 1
Rung 2 I / I \\ /
Input 4 Output 2
Rung 3 ( )—
Input 5

Fig. 2.1. Example of ladder diagram software. Image source: automationreadypanels.com
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In addition, it is helpful to save each input, output, and expression with an address
notation. This means that these addresses will always refer to each item. The comments are
an extremely important part of a ladder diagram. Comments are displayed at the start of each
rung and are used to describe the logical expressions and control operations being executed in
that rung, or groups of rungs. Understanding ladder diagrams is made a lot easier by using
comments.

Regarding how ladder logic works, it operates in a similar way to relay logic, however
without all the laborious relay control wiring. Basically, input and output devices are hard-
wired to the PLC. On the ladder logic program, the outputs are activated depending on the
status of the input signals With reference to reading ladder logic, the program is read from the
left-hand rail to the right-hand rail and from the first rung to the last rung. Briefly, left to right
and top to bottom. Hence, the rungs contain input symbols that either pass or block the logic
flow. The result of the rung is expressed in the last symbol, known as the output.

On the other hand, mentioning the binary concept is essential within this topic.
Normally, PLCs operate on the binary concept, for instance, True or False, 1 or 0, ON or
OFF, High or Low, Yes or No... In a PLC, binary events are expressed symbolically using
ladder logic in the form of a normally open contact (NO) and normally closed contact (NC).
The event associated with a normally open contact (NO) can be TRUE or FALSE. When the
event is TRUE then it is highlighted green and the logic flow can move past it to the next
logic expression, such as the current flow in an electric circuit when a switch is turned on. On
the contrary, the closed contact (NC) functions exactly in the same way, nevertheless, it is

basically the opposite state of an event that occurs [13].

2.1.1.1. Logic functions

Ladder logic has several logic functions. The six basic, yet essential, logic functions
are NOT, AND, OR, NAND, NOR, and XOR. So, depending on how we set up the diagram,
we will achieve a huge variety of software programs with different highlighted inputs and
outputs. Furthermore, we will be fully able to program the majority of automation control

requirements.
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NOT GATE (Figure 2.2, Table 2.1)

L, L,
A
| I Y
1 O
Fig. 2.2. Example of NOT function
Table 2.1.
NOT binary input and output
Input A | Output
0 1
1 0
AND GATE (Figure 2.3, Table 2.2)
L, L,
A B
L 1 2 Y.
|| || AA

Fig. 2.3. Example of AND function

Table 2.2.

AND binary input and output

Input A Input B Output
0 0 0
1 0 0
0 1 0
1 1 1

The output will be activated only if both switches are activated simultaneously.
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OR GATE (Figure 2.4, Table 2.3)

L, L,
A
s | | Y
| | A
B
| |
|
Fig. 2.4. Example of OR function
Table 2.3.
OR binary input and output
Input A | Input B | Output
0 0 0
1 0 1
0 1 1
1 1 1
The output will be activated if any of the switches is energised.
NAND GATE (Figure 2.5, Table 2.4)
L, L,
A
/ \/\/
t yd p Oy
B
%
yd

Fig. 2.5. Example of NAND function
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Table 2.4.
NAND binary input and output

Input A | Input B Output
0 0 1
1 0 1
0 1 1
1 1 0

Basically, it is the inversion of the AND gate.
NOR GATE (Figure 2.6, Table 2.5)

L,

A B

I I 2 Y
| | AA
Fig. 2.6. Example of NOR function

Table 2.5.
NOR binary input and output

Input A | Input B | Output
0 0 1
1 0 0
0 1 0
1 1 0

The output will be true only if both inputs are false, the opposite of the OR gate.
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XOR GATE (Figure 2.7, Table 2.6)

L,
A B
| // 1 || 2 o~
/1 | I /U\
A 3 B
|
4l

Fig. 2.7. Example of XOR function

Table 2.6.

XOR binary input and output

Input A | Input B | Output
0 0 0
1 0 1
0 1 1
1 1 0

The output will be true only if one of the inputs is true.

2.1.2. CX-Programmer initialization

In my case, I will run the project in CX-Programmer, which is wholly integrated into
the CX-One software suite. It is the programming software for all of Omron’s PLC series.
Before starting with the program, it is required to configure the PLC. This can be done within
the pop-up window “NewPLC1[CJ2M] Offline” (Figure 2.8) [14].

Then, within “Network Settings”, it is necessary to set the IP address in order to

connect the computer to the PLC via Ethernet (Figure 2.9).

After that, it is required to configure the main racks within “IO Table and Unit Setup”,

as can be seen in Figure 2.10.
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NewProject

8 NewPLC1[CJ2M] Offline

----- ® Data Types

----- =3 Symbols

.. 10 Table and Unit Setup
Settings

. Memory

=% Programs

E@ NewProgram1 (00)

Change PLC

’— Device Name

NewPLC1

i~ Device Type

M

LI Settings...

~ Network Type

|EthenetiP
™ Show al

LI Settings...

i~ Comment

o]

Cancel | Help

Fig. 2.8. “NewPLC1[CJ2M] Offline” setting

tem Configuration Image
— e HUB
THRFO
§ED"'° oo
aa
SRR Y T EtherNetIP
4 | 5F
SYSMAC CSICJICPINSJ
Network Settings [EtherNet/IP] X
Network
Target PLC
& IP Address: iEZ . 168 . 1 . 120

"Hesponse Timeout (s)
10 =

Fig. 2.9. IP address setting

97 PLC IO Table - NewPLC1
File Edit View Options

Help

= e s A S = e s 4 e = =
]

@4 Built-in Port/Inner Board
=& [0000] Main Rack

-5 04[0002] Empty Slot

-5 05[0002] Empty Slot
§ 06 [0002] Empty Slot

-5 07[0002] Empty Slot

-5 08[0002] Empty Slot
§ 09[0002] Empty Slot

[+ 4y [0002] Rack 01

-4, [0002] Rack 02

[+- 4wy [0002] Rack 03

% 00[0000] CJTW-ID211(DC Input Unit)
- §) 01[0001] CJIW-OD212(Transistor Output Unit)
-4 02[2000] CJIW-ADO4U(Universal Input Units) (Occupancy : 1)(Unit: 0) (Out: 0, In: 10)

3 03[2010] CJTW-DA041(Analog Output Unit 4 points) (Occupancy : 1)(Unit: 1) (Out: 9, In: 1)

|C)2M-CPU31 [Offline 4

Fig. 2.10. Racks configuration
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Later, while building the program, it can be tested either in simulation or in the PLC.
It is required to compile the program (Figure 2.11) and afterward, if it has been successful,

run it online (transfer to PLC) or through simulation.

PLC Program Simulation Tools Window

P2 Work Online CTRL+W
Auto Online 4
Operating Mode 4
Monitor 4

Program Simulation Tools Windov

@ - - e [¥¥] Compile All PLC Programs F7
Program Check Options..

Online Edit % Program Assignments
B8 Section/Rung Manager... Memory Allocation »
Action used list Transfer b
Partial Transfer »
Protection 4
Clear All Memory Areas
) : ’ Edit »
Simulation Tools Window Help
Change Model

&8 Start PLC-PT Integrated Simulation

5| Work Online Simulator CTRL+MAYUSCULAS+W

Change Communication Settings

Exit Simulator iy Data Trace...
= Time Chart Monitoring...
=4 PLC Error Simulator
- Force »
Debug 4 Set >

Fig. 2.11. Compiling the program

2.1.3. CX-Programmer commands
CX-Programmer provides a set of commands and instructions in order to create ladder

logic programs. These are the most commonly used commands:

- Inputs
Inputs can appear as opened or closed contact. When it is open, the contact
will be turned on when the input is activated. In contrast, closed contacts will be
turned ON when the input is deactivated, shown in Figure 2.12. They are defined from

0.00 to 0.99, in defiance of our PLC will be able to show only from 0.00 to 0.15 [15].

l: 0.07

1k ¥

Fig. 2.12. Input command
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- Outputs
Outputs might also appear as opened or closed coils, however, they will
commonly exist as opened (Figure 2.13). They will be either energised or not
depending on the input status. They are defined as 1.00, 2.00, 100.07, 200.12, and

whatnot. However, our PLC will only be able to show from 1.00 to 1.15.

Q1.1

O & ©

Fig. 2.13. Output command

- Timers
Timers are an instruction that permits counting a specific time while the input
connected to it is activated. Moreover, when the time is over, this timer will be
energized and, an input with this timer address can be used to turn on other
instructions. As can be seen in Figure 2.14, timers are added, for instance, as TIM TO
#800, where TO is the timer number (TO0, T1, T2, T3...) and #800 is referred to as the

millisecond.

TiM 100ms Timer (Timer) [BCD Type]

0000 Timer number To 0 0 0

#3800 Set value I l

Fig. 2.14. Timer instruction

- Reversible counter
A reversible counter is a counter command with the aim of adding up or down
a set value. It has three connections, the upper one increases by one meanwhile the
middle one, decreases by one. The other one is a reset. As can be shown in Figure
2.15, a reversible counter can be set as New Instruction — Find Instruction —
CNTR(012). The first number is the counter address and the other refers to the set

value.
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-[ ]- New Instruction X
[enTR 0K | Cancel
CNTR(012) - Reversible Counter
Operands
T Help...
#50
Find Instruction...
Operand 2 of 2 Filter Symbol
Set value
#0~9999 (bed) UINT_BCD CNTR(012) Reversible Counter
G 0000 Counter number
H#50 UINT_BCD —
#50 Set value

Fig. 2.15. Reversible counter instruction

On the other hand, a normal counter, which only counts either up or down, can

be configured too.

- Differentiate UP/DOWN inputs
Basically, these differentiated inputs allow us to turn on a particular output
momentarily, so this output will be no longer activated. Differentiate UP inputs will
be energised when these inputs go from OFF to ON, contrary to differentiate DOWN

inputs. This command is commonly used for “Push-button” switches (Figure 2.16).

I 0.13 l:0.13

al {11

Fig. 2.16. Differentiate UP/DOWN inputs

- Keep function
Keep functions operate as the relay latches, latching relay, which is set by S
and reset by R. When S is in the ON state, operating instructions specified output will
remain in a state of ON and ON until reset, regardless of whether S is ON or OFF.
Frequently utilized to keep the ON state in differentiated inputs, as shown in Figure

2.17.
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KEEP(011)

W0.01

Fig. 2.17. Keep instruction

- Move function
The move function is used to move a value from one memory location to
another. It is commonly used in ladder logic programming to transfer values between
data registers, timers, counters, and other memory locations. It can also be used to
copy values from input devices, such as switches or sensors, to output devices, such as
motors or lights. "Source" represents the memory location from which the value is to
be moved, and "Destination" represents the memory location where the value is to be

moved (Figure 2.18).

1
MOV(021) Move

Clo0

Source word

D1 Destination

Fig. 2.18. Move instruction

- Comparison data function
Comparison instructions in PLC are used to test pairs of values to condition
the logical continuity of a rung. As an example, shown in Figure 2.19, suppose an
instruction is presented with two values. If the first value is less than the second, then

the comparison instruction is true.
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P_On

Always ON Flag <=(315)

&2000

P_On

Always ON Flag =(320)

82000

Fig. 2.19. Comparison data instruction

2.2. HMI
This thesis argues the creation of HMI software. It is a type of software used to
control and monitor industrial processes and machines. It provides a GUI that allows users to

interact with the machines and systems in a user-friendly and intuitive way.

2.2.1. NB-designer initialization
In my case, I will run the project in NB-DESIGNER, which is wholly integrated into
the CX-One software suite. It is the programming software for many of Omron’s HMI series.
Firstly, as can be seen in Figure 2.20, the user has to display the PLC and the HMI by
selecting his own manufacturer. In this case, “HMI NB10W-TWO01B” and “PLC OMRON
CJ/CS/NJ”. As we are connecting the setup via Ethernet, this must also be displayed. These
are the IP addresses for the HMI and PLC distinctively [16].

=
[ Fe Edt Vew Sceen Daw Components Took Opton Window Hep
8 & e “ R e §
s b # Y [l2 QW oW o HxIHB BEHT ey
REE0e BEID DA LMK SR BEE WY
A Project File Window
Project Library Window
Connector
2
Project Work Space x : Serial Port Ethernet
HMID ) Tree View
5 E Carparking good
2=
M2 & HMO
N & PLC
M1 @ PLCD
Screens Preview
PT
Communication Setting s
Deves TP sddess [FoNo | Protocsl | iastersia. | Statenn. [ Vel PLE. | . Pats
HMIO 1921881110 21845  OMAONC. M 2 3 Function Pats
OutputWinde| [P0 1161120 S0 OMRONC. S 1 = e
Logn Window |
HEX Keyboard
I

Fig. 2.20. Screen where communication between HMI and PLC is set
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On the other hand, we should set the IP addresses and Port No of the PLC and HMI,
including the HMI Subnet Mas (Figure 2.21).

PLC property X PT property b4
System Information Setting | Securty Level Setting | User Pemnission Setting | Event History Setting |
PLC PrntSeting |  COM1Settng | ~ COM2Seting |  Extemal Memory
PT Task Bar | PT Extended Property |
Node ID: f S g Network Setting
1 H Communication Setting : 1P Address m Communication Setting
Network Port Setting ] Subnet Mask | 295 - P55 . 255 . 0 DefautGateway | 0 . 0 . 0 . 0
IP Address 192 . 168 . 1 . 120 PLC Communication Type UDP v Display Setting —— -
Dispay mode sy Fied Bus Seting
Port No. 9600 PLC Communication Time Out(s) 1
I~ Enable VNC
Protocol Time Out 1(ms) 1 Moritor Mode Password. I Enable Muti Access
Operation Mode Password
Protocol Time Out 2(ms) 9
I~ Enable FTP-
Max interval of word block pack 16 Password: 888888
Max interval of bit block pack 16 I™ Save Screenshot to Extemal Memory
€ usB1
Max size of word block package 32
Max size of bit block package 16
Use Default Setting B

Cancel Cancel

Fig. 2.21. IP address and Port No setting

Eventually, by pressing “HMIO” within the “Screens Preview”, we will be ready to
start working. The program can be tested either in simulation or in the HMI. It is required to
compile the program and afterward, if it has been successful, download it (transfer to HMI)
or through “Offline Test”. In Figure 2.22 can be shown the required settings in order to

transfer the program to the HMI.

\ Tools I_thion Window Help & NBDownload - X

|[lﬂ Compile Ctrl+F7 | Select PT: [~ Select Data:

8 Recompile w PT Information Project Data

DX Clear Compiled Result  Ctrl+E ] m T

@& Download Ctr+D [ LOGO File

@ Transmigsion Setting  Alt+F7 [ Clear Recipe
Check Missing Font Clear Event History

i@ Offine Test Fs < 4 Recipe Data Field

f© Indirect Online Test  Shift+FS ' - . 1| [ Extemal Memory

fel Direct Online Test Ctrl+F5 Dowricad Erofect Zgﬁ\e?a\rngo.lﬁ.\;3zg'c'n.vfngtjw'"e"‘“\“g“a’ pakng [ Clear Data History
System Manager [] Clear ERW Data
PT Version Setting [ Clear FRW Data
Recipe Editor ] Download to USB1
Upload Recipe Communication Methodt. [Ethermet [ Suopct VPN [ Timeout 500 ms
DownLoad Recipe [1second=1000ms)
Upload Logo Screen IP Address: j1 92168.1.110 PORT: 21845
Download Logo Screen
Upload Port No.: NULL ps:  NULL Downlond

#1 Decompile Exit

Fig. 2.22. Program compilation
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2.2.2. NB-Designer commands

will be

After finishing with all the laborious initialization, the basic commands and functions

explained. As we can see in Figure 2.23, this is how the program looks like.

[E] C:\Users\2001p\OneDrive\Documentos\TFG\Car parking good\Car parking good.nbp - [HMIO.whe] - X
[E] Fle Edt Vew Screen Draw Components Tools Option Window Help -8 x
L °

BEE #A @49 uREER e L NEBOvwYoeAl

5|12 8 W o o &|H I B | H T - HUS gogloodio % Z
EREfe BEARBAYHEN R EET Y ER D |E B Yo]1 2 3 saeo * Language B
- . -reE==A-NENEAEEH i & H NZXZIN=ME M= %5« B
Project Library Window x [t Work Space
& [ Graphics Connector Tree View
) Arrowl-02.vg PT [ Carparkinggood A
= :"ﬂwz-g:-w PLC =]
%) Arrows-05.vg
%) Button1-49.vg Lot it
JEr & a| @B 0Fme
) Button1-T2vg - O &8 1:Common Wi
%) Button3-25.vg B'ADB BitL. B 2Fast Selectior
%) CLOSEOOT.vg it Button it Lamp 2
¥ B 3NUM Keyboa
5 CONFRMag ) HASCll Keyboa
%) CTRL BAROTva. B SiFile List Wind
- = BB 6:Password Wi

B @B 7:Confirm Acti
BitSwitch  Direct Screen ]

B &HEX Keyboar
%8 %Login Windo
@B 10:Ticket
S (ULl @ 1:Latvian
% B 12Russian
Command  Word Lamp 1B 13Sponish
By B 14English
8 15:German

e T v| @@ 6Fench
< 2 1B 17:Take ticket | v
Function Parts >
Project Database Screens Preview

Output Window
Login Window ~
HEX Keyboard
(Confirm Action Window v
Ready Mouse[x=1103 y=160

0to9,

Fig. 2.23. NB-Designer main screen

On the right, “Screens Preview”, all the screens are displayed. It can be seen that from

including both screens, are related to preconfigured screens. Most likely we will add

new screens instead of using those, however in some programs is also common to use screen

0, “Frame(”.

Firstly, in order to add a new screen, the user should press the right button on

“HMIO0”, and then, add and configure the new screen image. This screen can be designed

within “properties”, like changing its name or background color (Figure 2.24).

A [T WWOTK dpace
New Screen
Tree View
Car parking good A Postiontoadd ¢ Empty  End ¢ Custom
-] HMI
: Screen No: 33

Screen Name;  Frame33

:Fast Selectior

Cancel

wrgy3:NUM Keyboa

B AACAN Vabne

Fig. 2.24. Adding a new screen
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Secondly, to create a title or add notes, several rectangles with some text inside can be

added from the menu bar on the top figure (Figure 2.25).

A Select the language

Fig. 2.25. Adding text

When the user has created several screens, perhaps is wondering how to change from

one screen to another within the simulation. So, the programmer can add the button “Function

key”, select therefore which screen wants to appear on by pressing this button (Figure 2.26).

Function Key prope

rty

Function Key I Label ] Graphics | Control Setting I Display Setting I

% Switch Screens

" Key Button

" Execute Macro

" Map Keyboard
" Touch Calibrati
" Clear Event
" Notepad

€ Function

¢ Pen Color
€ Pen Size
" Clear
¢ Print
Mode
Magnification
Print page
ob e

-
o
(@}

ion

Pen

1

'

20

Change screen v |0:Frame0

= = 7:Confirm Action Window A
Erte ® |3HEX Keyboard
+ |9:Login Window
10:Ticket
v Disable ~|11:Latvian

- | 12:Russian

s 13:Spanish v
" Import/Export Import Project to PT v

Pen Color

C ™ Black and White (Reverse Color,

Print Content
[V Print Text
: [V Print Analog Meter
[V Print Data Log
[V Print All Btmap
v Print All Vector Map
™ Print Background Colors

-

3 State0 v  Languagel

ZN\YX 7l =

Project Library Window

Connector
PT
PLC
Parts
Function Parts

Scle

Nk Q

Alarm Display Timer
J/\ Ae5)
4 B

AT

Bitmap Vector Graphics

St I%

< >
Project Database

OK I Cancel

Fig. 2.26. Function Key property

On the other hand, with the aim of selecting which screen will be the initial, it can be

set by pressing HMIO and choosing the screen that suits better, as seen in Figure 2.27.
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w Screen Draw Components Tools Option

PT property X

System Information Setting ] Security Level Setting ] User Pemmission Setting I Event History Setting ]

S @ ol of & | T E Print Setting I COM1 Setting I COM2 Setting I Eam ey I
= DRI H LN LR R X PT | Task Bar PT Extended Property
[V Backlight 10 mins Video Mode PAL ~ I Disable Auto Resize

™ Auto backlight during alam / event

I~ Screen Saver 0 mins Screen Saver Screen 0:Frame0 ~

[¥ Retum to Original Screen When Screen Saver Ends Number of Languages 8 -
v Allow Upload Password 883888 Default Language 1
[V Allow Decompilation Password 888888 Language Setting

Chinese Font Box Height 24 Operation Log Storage Setting

System Scroll Bar Width 20 Storage Device 1USB DISK1 -
[~ Use Macro when loading project Subfolder Record

™ Use Buzzer Sorege Type Dot e i
I Use Bemal Clock Buffer Storage Defaut ~ |~ Save asms
[V Vector Font Smooth Display Storage Period 0 Day

I"" Flip Screen Display Note: no limit when storage period is zero.

Cursor Color <

. Unableto-Input Display Color v

Common Sheet Screen Attributes Display below base screen v
Pop-up Screen Attributes Display in foreground v
Initial Screen . File Browser Screen 5:File List Window v
Common Sheet 1:Common Window I
Moy Sirsen 2:Fast Selection z
3:NUM Keyboard
ot 4:ASCII Keyboard
5:File List Window
6:Password Window M
7:Confim Action Window
BHEX Keyboard e

Fig. 2.27. PT property

Regarding input and output buttons, can be added within “Parts”. Basically, when the
developer wants to add an input button, he can choose between “Bit Button” or “Bit Switch”,
both are quite similar. These input buttons have the same function as CX programmer and
PLC inputs. As a result, they have the possibility to be linked with the PLC and the CX-
programmer software by setting the same address. This means that activating this kind of
input button in the HMI screen will also activate a PLC input and a ladder diagram input bit,
and viceversa. If the user has in mind making a program only involving the HMI, the variable
LB with whatsoever address should be set (Figure 2.28).

On the contrary, with the aim of linking ladder diagram W input bits with the HMI
inputs, it can be configured by setting the W_bit variable and the same address as the bit in

the ladder software, as seen in Figure 2.29.
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Bit Button property X

Basic Property ] Bit Button I Label [ Graphics I Control Setting I Display Setting I

Priority Nomal ~
-Read Address -Write Address
PT wmo - PC o - |l pT -
No.
Port Net Port
Change 1 . Change 1 =
Station No. Station No
Area/Variable LB S Area/Variable LB <
Address 0 [~ System Memory Address 176 [~ System Memory
Data . Word = Data . Word =
Format BIN Length 1 Format BIN Length 1
Format(Range):DDDD (0-9999)
I Use Variable I Use Variable
[~ Useindex ™ Useindex
Description

Cancel

Fig. 2.28. Bit Button property

Bit Button property X

Basic Property |Bﬁ Bmtonl Label | Graphics | Control Setting | Display Setting

Priority Nomal ~

Read Address Wiite Address
PT Hmo - P o . fpT
No.
Port Net Port
Change 1 = Change 1 s
Station No Station No
Area/Variable LB = Area/Variable W _bit <2
Address 0 [~ System Memory Address 0.13 [~ System Memory
Data . Word . Data 3 . Word =
== BIN 1 Format BIN Length 1
Format(Range):DDD.DD (0.00-511.15)
™ Use Variable ™ Use Variable
™ Useindex ™ Useindex
Description

Cancel

Fig. 2.29. Bit button property

Continuing with the input properties, the input button can be configured as a set, reset,

alternate, or momentary. Generally, the set is referred to exclusively turn on a bit, and the
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reset function is solely to turn it off. Otherwise, the alternate function will turn on/off the bit
when pressing the button, and the momentary will work as a switch, the bit will be activated

while the button is being pressed (Figure 2.30).

Bit Button property

Basic Property  Bit Button | Label | Graphics I Control Setting | Display Setting

Set ON when Screen is open

Set OFF when Screen is open

Set ON when Screen is closed

Set OFF when Screen is closed

Set ON when Screen is maximized
Set OFF when Screen is maximized ¥

Fig. 2.30. Bit Button property

Moreover, to select a symbol for each state, as seen in Figure 2.31, can be chosen
within the NB-Designer graphics or imported from the internet. The last option allows the

user to design specific buttons.

Bit Button property X

Basic Property | Bt Button | Label Graphics | Control Setting | Display Setting |

I e |
[V Bitmap button1-15bg
—J | S— e Ll ~
amow2-19bg Bamierbg button1-12bg button1-13bg
button1-15bg  button1-16bg car-09bg car-10bg v
[~ Use Original Size Graphics
Save to System Graphics Library
Graphics for Each State 0 v
| State:0 State:1

Fig. 2.31. Bit Button property
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Later on, the outputs buttons are commonly used to visualize the inputs interactions.
As a result, an output can be energised or de-energised by turning on manually an input
button in the HMI. These output buttons can be found in the program as “Bit lamp”. In
addition, they have the possibility to be linked with the PLC and the CX-programmer
software by setting the same address. This means that when a PLC output or ladder diagram
output bit is activated, these HMI output buttons will be activated too.

In Figure 2.32 it can be shown that the switch 0.05, attached to the PLC, has been
linked with an HMI output button. So, the action of activating this PLC switch will be shown

in the HMI output button.

Fig. 2.32. Turning on a HMI output button by pressing a switch attached to the PLC

Overall, the output configuration is practically the same as the inputs buttons,
however, in Figure 2.33 it can be seen that there are different types of bit lamps. This fact can
help to hide some outputs while they are not turned on, and vice-versa. Typically use in the

automated parking program to hide the car and barrier images.
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Bit Lamp property X ‘

5

Basic Property Bt Lamp [Laoel ] Graphics | Display Setting [ ‘ 3 State 0 v | Languagel
" W% W\ 7
Type Nomal | | Cycle “100ms NZN7 | =
Normal ~ Project Library Window x|
Value 1blinking at state 0. Value 0 represents State 0
alue 1 blinking at State 1. Value 0 represent Connector
Value 1is switched to bink at State Oor 1. Value 0 represents State 0 PT
Value 0blinks at State 0. Value 1represents State 0
Value 0 blinking at State 1. Value 1 represents State 0 PLC
Value Ois switched to blink at State 0 or 1.Value 1 represents State 0. v P
arts
5 A
Sl
WS =
Bit Button Bit Lamp
— E :
L__Jon]
Bit Switch Direct Screen

S

Command Word Lamp
Button
Ll o 4
< >
Function Parts

Project Database

0K Cancel

Fig. 2.33. Bit Lamp property

As an example of all of that, in Figures 2.34 and 2.35 it can be seen an input with the

address “LB 1207, which is going to turn on an output with the same address.

Fig. 2.34. Example of an input and output with the same address
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Fig. 2.35. Example of turning on an output by pressing the input button

Additionally, using the command “Number display”, has the possibility to show
visually a number in the HMI screen. This value can be related to a PLC counter, PLC timer,
analog output... If the user has the intention to link it with some analog input, variable “D”
with its address must be configured. Utilizing commonly “BIN” as data format. On the other
hand, variables “C” and “T” should be used for counters and timers, respectively. Also, they

commonly operate in the data format “BCD”. It can be shown in Figure 2.36.

Number Display property X -
Basic Property | Numeric Data I Font I Graphics I Display Setting I 3 State 0 ~  Languagel
NZ X 7 |l = Il £
Priority Normal Project Library Wind x
Connector
Read Address Write Address PT
PLC PLC L
PT HMio ~ 0 0 v PT HMiO - 0 - Parts
Port Net Port Net . )
5| Gaticn Ne 1 v IS & ion N 1 - . L]
Event Indirect Screen
Area/Variable (D I I Area/Variable LW
EQ N
Address 0 T Address [T System Mem .m .L‘
Data BIN E Data pIN v Word 4 v I ' i
Format Format oy Length Number Display  Text Display
Format(Range).| D v
I Use Variable ™ Use R (R34
2 B
I~ Useindex [T Use index 2
Number Input Text Input
v
< >
Description Function Parts
Project Database

Fig. 2.36. Number Display property
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In Figure 2.37, we can see the possibility to choose the storage format. Also, a

minimum and maximum value can be configured, which can help to display an analog input.

Number Display property X
Basic Propety Numeric Data | Fort | Graphics | Display Setting |
Storage Fomat  [{jnsigned integer H Data Length WORD ~
integer &med s 0 -
~ Max/Min Value g:;'vww | [-Over Max
Float
" oo M Coor ~| I Resh
™ Indirect Max/Min Reference —_—
PT  umio - PLCNo. O .
Pot  Net [~ Use Variable
[~ Change Station No 1 D L
Area/Vaiable |y || B o e
Address 0 — pa
Data Format BIN =
WordLength 8
Format(Range):DDDDD (0-10255) ™ Proportional Conversion
Min Value 0
Max Value 9999

OK I Cancel

Fig. 2.37. Number Display property
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3. EXAMPLES

3.1. Digital input
First off, in order to turn on a PLC digital input, it is necessary to display an addressed
input in the ladder diagram software, as seen in Figure 3.1, and link it with some other

commands. In this example, an input has been linked with an output [17].

‘ I 0.01 Q: 1.04
|l | C

L
‘ Take ticket

Fig. 3.1. Input linked with an output by ladder logic

Then, as shown in Figure 3.2, we can turn it on by activating the switch “0.01”

attached to the PLC or directly activating the input from the ladder program.

I 0.01
1|

L
Take ticket

Fig. 3.2. Turning on the 0.01 input

This fact leads us to turn on the led 1 on the digital input rack, as shown in Figure 3.3.

Fig. 3.3. Turning on the LED 1
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3.2. Digital output

In order to turn on a PLC digital output, it is required to display an input with an
address in the ladder diagram software, as seen in Figure 3.4. Afterward, this output should
be linked to an input, and thus, when the input is on, the output will be too.

Q:1.04

N
7

Fig. 3.4. Turning on the 1.04 output

This fact leads us to turn on the led 4 on the output rack, shown in Figure 3.5. In
addition, by attaching an external component to the pin 4, this device will be also activated.

For instance, if a motor is attached, will rotate while this pin is activated.

Fig. 3.5. Turning on the LED 4

Later on, once the user has improved his PLC programming skills, he might be able to
program big rungs grouping together different inputs, outputs, and commands. So, many

LEDs can be involved, and hardware such as switches, motors...

3.3. Analog input
An analog resistor has been implemented as an example of analog input. So basically,
by connecting the wire in specific bits, we will be able to regulate the input voltage between

0-10V. As seen in Figure 3.6, with “MOV(021)” we will be able to set the input voltage [18].
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0.2 second cl MOV(021) Move

Clo0

Source word

D1 Destination

Fig. 3.6. Example of analog input with MOV(021) instruction

As a result, we will be able to achieve a decimal and hexadecimal value by changing
the analog resistor value attached to the PLC. These numbers are directly related to the
voltage. Once we have got the range of values, by using a “Comparison” we will manage to
set a threshold between the low voltage and high voltage (Figure 3.7). These outputs will be

implemented in the parking garage program.

P_On Q:1.14
— — O Max Voltage
Always ON Flag <=(315)
&2000
D1
P_On Q:1.15
— ] O Min Voltage
Always ON Flag >(320)
82000
D1

Fig. 3.7. Example of Analog Input with Comparison Instruction

On the other hand, depending on the voltage and the input number, the input
conversion value and conversion data holding addresses will change. As seen in Figure 3.8,
there are different input values range depending on the bits where the component is attached.
Moreover, it might be some type of error referred to the hexadecimal and decimal voltage

range, which means that these range of numbers might be slightly lessened.
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B B Terminal block cover
£
o / NG | Bi
A1 Al NC
NC B2
A2 NC
NC B3
I=C<O> A3 NC
Input 2V+ | B4
=C@ Ad | Input 1 v+
Input2 - | B5
Use crimp terminals A5 Input 1
on the input lines Input2 1+ | B6
AB Input 1 1+
Input 4 V+ | B7
A7 | Input 3V+
Input 4 B8
B9 AB Input 3
1 Input4 |+ | B9
1 A9 Input 3 1+

Terminal block lever

Fig. 3.8. Analog Input Terminal Block Arrangement

3.4. Analog output

A multimeter might be implemented as an example of analog output. Also with

“MOV(021)” we might be able to set the output voltage.

As a result, we will be able to introduce a decimal value either in the ladder diagram
or by changing the analog resistor value attached to the PLC, which also will be converted to

hexadecimal. So, the multimeter will display the voltage set through the analog resistor or

ladder diagram.

On the other hand, depending on the voltage and the output number, the output
conversion value and conversion data holding addresses will change. There are different
output values range depending on the bits where the component is attached. Moreover, it

might be some type of error referred to the hexadecimal and decimal voltage range, which

means that these range of numbers might be slightly lessened.
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3.5. Parking garage

This thesis argues a demonstration test bench based on the hardware and software
explained before. So, a real example that includes the PLC, HMI, computer, and external
components will be explained. This real example can be tested separately with the PLC,

HMI, or computer, however, it can be also tested by combining two of them or even three.

e The program consists of a parking garage simulation where basically cars enter or

exit.
e Consists of two sensors, two ticket machines, and the barrier.

e In the entrance process, the car has to take the entrance ticket in order to enter the
parking garage. Then, the car will go towards the barrier, and sensor 2 will detect it
and will make the barrier up. Later on, the car will go through the barrier and after

that, sensor 1 will detect the car getting in and will make the barrier down.

e In the exit process, the car has to return the entrance ticket in order to get out of the
parking garage. Then, the car will go towards the barrier, and sensor 1 will detect it
and will make the barrier up. Later on, the car will go through the barrier and

afterward, sensor 2 will detect the car getting out and will make the barrier down.

e In case the car finally regrets going through the barrier after being detected by the
sensor, an 80 seconds timer security has been implemented in order to make the

barrier down automatically.

e The barrier needs different voltages in order to go either up or down. It will need a
low voltage to make the barrier down and will be necessary a high voltage in order to

make the barrier up.
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3.5.1. Data flow diagram

WHAT DOES EXIT THE PARKING
THE CAR WANT GARAGE

TO DO?

START THE CAR START THE CAR

GREEN TRAFFIC LIGHT GREEN TRAFFIC LIGHT
FALSE
v

ENTER THE PARKING
GARAGE

TRUE
RED TRAFFIC LIGHT RED TRAFFIC LIGHT

THE CAR STEERS THE CAR STEERS
TOWARDS THE Q——\ TOWARDS THE Q——\
BARRIER BARRIER
3 FALSE 3 FALSE

TRUE ! g FASE

TRUE !
MOTOR ON MOTOR ON
FALSE

FALSE
TRUE TRUE !
MOTOR OFF MOTOR OFF
ﬁ BARRIER UP BARRIER UP ﬁl
FALSE FALSE

80 SECONDS TRUE THE CAR THE CAR TRUE 80 SECONDS
(SINCE SENSOR 2 WILL NOT ENTER WILL NOT EXIT (SINCE SENSOR 1
WAS TURNED FINALLY FINALLY WAS TURNED
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CAR GOES THROUGH CAR GOES THROUGH
THE BARRIER THE BARRIER
<+ v
THE CAR STEERS
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< SENSOR1 ON >

FALSE FALSE
< 1
L MAXIMUM —
VOLTAGE
TRUE TRUE

MOTOR ON MOTOR ON
FALSE

FALSE
<70 SECONDS o —
TRUE TRUE

MOTOR OFF MOTOR OFF

BARRIER DOWN

CAR ENTERS

MAXIMUM
VOLTAGE

NUMBER
OF CARS

BARRIER DOWN

CAR EXITS

Fig. 3.9. Data flow diagram
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3.5.2. Hardware Setup
3.5.2.1. Components

Figure 3.10 shows the different components that have been taken into account.

PR |
il i
COM NO NC NC COM
(2) (h)

Fig. 3.10. (a) Switch 0.11 digital input “Take ticket button”. (b) Switch 0.01 digital input “Give ticket button”.
(c) Switch 0.05 digital input bit “Sensor 2”. (d) Switch 0.09 digital input bit “Sensor 1”. (¢) Analog resistor 0-
10V “Barrier voltage”. (f) DC motor 1.10 and 1.12 digital output bits “Barrier”. (g) Contact Form of the Switch

Differentiated up. (h) Contact Form of the Switch Differentiated down
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3.5.2.2. Motor functioning

The “H-bridge” electronic circuit has been set up to achieve the motor's rotation in
both directions [19]. Basically, an H-bridge is a commonly used integrated circuit that can be
used to control the direction of rotation of a DC motor. It is called an "H-bridge" because the
arrangement of the switching elements looks like the letter H. Consists of four switches,
which can be controlled independently to control the direction of current flow through the
motor. To understand how the H-bridge works, imagine that you have a DC motor with two
leads, labeled A and B. The H-bridge has four transistors, labeled VT1, VT2, VT3, and VT4.
When a voltage is applied to VT1 and VT4 through the Ul optocoupler, current will flow
from lead A of the motor to the ground, causing the motor to turn in clockwise. Conversely,
when a voltage is applied to VT2 and VT3 through the U2 optocoupler, current will flow
from lead B of the motor to the ground, causing the motor to turn anti-clockwise.

As it can be shown in Figure 3.11, X1 is related to pin 12 of the PLC digital output
and X2 to pin 10. When they are activated, they will send 24V from the PLC to its respective
optocoupler. On the other hand, X3 is referred to as the PLC ground. The circuit can be

shown in Figure 3.12.

VCC
5.0V
RS U1 I 1
- o I
2.2k0 ] J
%Ly & o] Vo1 T | VD3
L R LR ANV © S
OPTOCOUPLER_VIRTUAL 43000 4300
3 | I R_LOAD
R6 U2 —~VVVv e
——— r :
2.2k0 }j — | STV e [ vos
E R2 o4 4
! _  MELRES WP : vz -lr— Foiiy —1H i -l’-
OPTOCOUPLER_VIRTUAL g3y L‘ -
i

Fig. 3.11. H-Bridge circuit simulation
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Fig. 3.12. H-Bridge circuit setup and voltage applied

In Figure 3.13, it can be shown when each component is either ON or OFF.

-

Motor OFF

x|
vri

[ vr2 |

|13 |
via
(02|

Fig. 3.13. ON/OFF diagram
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3.5.3. Ladder diagram

In this section, I am explaining the ladder diagram software that I have developed for
the automated parking garage process.

First of all, the car has to be started and ready to get into the parking garage. As we
can see in Figure 3.14, the traffic light is green “1.03”, which allows the car to move forward.
It will be always green if the red traffic light, address 1.02, is OFF. In the PLC, pin 3 located

on the output rack, will be illuminated.

W0.01 Q: 1.02
| | > Red traffic light
Ticket has bee
W0.02
1 |
1T
Ticket has bee
Q:1.02 Q:1.03
1 > Green traffic light
Red traffic light

Fig. 3.14. Green traffic light, cars are allowed to continue

After that, related to the entrance, the car must take a ticket to enter the parking
garage. So, there is attached to the PLC a switch that simulates the entrance ticket machine.
This switch, address 0.01, is differentiated UP and will activate bit W0.01, which means that
the ticket has been taken. In addition, the software will be reset when T2 is turned on,
referring to the time while the barrier is going down, and hence, the process will be
completed, as it will be shown below (Figure 3.15).

The pin 1 on the input rack will be temporarily illuminated, as a result of turning on
the switch 0.01.

On the other hand, the WO0.13 bit, “HMI take the ticket”, and the W0.09 bit, “stop the

process”, are related to the HMI simulation.

W0.13
] | I
HM 'a"eltn:»et KEEP(011) Keep
1 0.01 W0.01 Ticket has been taken
{1 Bit
Take ticket 1
T0002
| |
Time while bar.
W0.09
] |
1T
HMI Stop proc

Fig. 3.15. The car takes the entrance ticket in order to start the process

46



Once the ticket has been taken, the traffic light will be automatically red, which will
not permit other cars neither enter nor exit (Figure 3.16). In the PLC, pin 2 located on the

output rack, will be illuminated.

W0.01 Q:1.02
{ } > Red traffic light
Ticket has bee
W0.02
1 |
1T
Ticket has bee
Q: 1.02 Q:1.03
{1 > Green traffic light
Red traffic light

Fig. 3.16. Traffic light turn into red, cars are not allowed to continue

Later, the car steers towards the barrier, and a sensor detects it. A switch differentiated
UP attached to the PLC will simulate this sensor. Furthermore, this sensor 2, address 0.05,
will energise the bit W0.00, referred to as the entrance mode. Also, T2 appears with the same

performance as we have seen before (Figure 3.17).

W0.01 W0.10
1l 11 1
(| 1T
Ticket has bee HMI Sensor 2 KEEP(011) Keep
l: 0.05 W0.00 Entrance
I -
Sensor 2 1
T0002
| |
1T
Time while bar
W0.09
1 1
10
HMI Stop proc

Fig. 3.17. Sensor 2 detects the car going toward the barrier

The pin 5 on the input rack will be temporarily illuminated, as a result of turning on
the switch addressed as 0.05.

On the other hand, the W0.10 bit is the simulation of sensor 2 in HMI programming.

Once Entrance mode is activated, an eighty seconds security timer will start running.
In case no car enters through the barrier after this time, the barrier will be automatically
down. Therefore, if the car somehow regrets and decides not entering into the parking garage
anymore, this timer allows certainly lower the barrier and finish the process. It can be shown

in Figure 3.18.
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W0.00
1}
L

Entrance ™ 100ms Timer (Timer) [BCD Type]
W0.03 0000 Security timer
| } Timer number
Exit 588 Bed
300 Set value
Q:1.00
> Security time running

Fig. 3.18. Eighty seconds security timer starts running

The pin 0 on the output rack will be illuminated during this time, addressed as 1.00. It
would be the same process if the car were exiting. In that case, the exit mode bit, W0.03
would be turned on, instead of the Entrance bit W.00.

At the same time, after activating the Entrance Mode, it can be shown in Figure 3.19
that sensor 2 and Entrance Mode both will activate bit W.0.04 “Barrier Up”. Then, the rung
will be reset when T3 is turned on, referring to the time while the barrier is going up, and

hence, the up process will be completed, as it will be shown below.

Fig. 3.19. Barrier up mode is activated

W0.10 W0.00
1| 1
11 10
HMI Sensor 2 Entrance KEEP(011) Keep
I: 0.05 W0.04 Barrier UP
Tl Bit
Sensor 2 1
W0.03 1 0.09
1| 11
1| 11T
! '” ensor 1
wWo.1
1]
11
HMI Ser
T0003
1|
1T
Time while the
W0.09
1|
10
HMI Stop proc

Alternatively, if we were in the Exit mode, which I will explain afterward, bit W0.03,

referred to as Exit mode, and bit 0.09, related to the sensor 1, would make bit W0.04 “Barrier

UP” energised.

On the other hand, the W0.10 and W0.11 bits both are the simulation of the sensors in

HMI programming.



In this stage, it is necessary to make the voltage high, so the barrier will be ready to go
up. As a result, a twenty seconds timer will start to count and a motor attached to the PLC, as
an output, will rotate in a clockwise direction. The barrier will be rising while T3 is running.
When T3 is over, the barrier will be totally up, and also the motor will stop rotating. It can be

shown in Figure 3.20. After all, the barrier will be completely up, and the car will go through

1t.
W0.04 Q:1.14
{ { h

Barrier UP Max Voltage TiM 100ms Timer (Timer) [BCD Type]

0003 Time while the barrier is going up
Timer number
56 Bed
#200 Set value
Q:1.12
> Motor On ( One direction

Fig. 3.20. The barrier is raising and the motor rotating

Consequently, when the car went through the barrier, it will steer towards the
entrance. At this point, a sensor will detect the car driving away, simulated by a switch
differentiated UP. Furthermore, the entrance mode bit and this sensor 1, address 0.09, will
energise the bit W0.05, referred to as the barrier down mode. Also appears T2 with the same

performance as we have seen before, Figure 3.21.

HMI Sensor 1 Entrance KEEP(011) Keep

l: 0.09 W0.05 Barrier Down

——{1— - Bt

Sensor 1 1
l: 0.05 W0.03
{11 11
11T I

Sensor 2

W0.10

HMI Sensor 2

T0002

Time while bar.

W0.09

HMI Stop proc

Fig. 3.21. Sensor 1 detects the car after it has gone through the barrier, and “Barrier Down” mode is activated
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Alternatively, if we were in the Exit mode, which I will explain afterward, bit W0.03,
referred to as Exit mode, and bit 0.05, related to sensor 2, would make bit W0.05 “Barrier
Down” energised.

On the other hand, the W0.10 and WO0.11 bits both are the simulation of the sensors in
HMI programming.

Currently, it is necessary to make the voltage low, so the barrier will be ready to go
down. As a result, a twenty seconds timer will start to count and a motor attached to the PLC,
as an output, will rotate in a counterclockwise direction. When T2 is over, the barrier will be
down and also the motor will stop rotating. It can be shown in Figure 3.22. After all, the

barrier will be entirely down, and the process will be totally finished and reset.

W0.05 Q:1.15
{ | { } H
Barrier Down Min Voltage ™ 100ms Timer (Timer) [BCD Type]
W0.06 0002 Time while barrier is going down
{ | Timer number
Security Barri 146 Bed
#200 Set value
Q:1.10
> Motor On ( Other direction

Fig. 3.22. Barrier is going down and the motor rotating

However, speaking about the case when no car enters, which we have discussed
before. It has been implemented the bit W0.06 dubbed Security Barrier. So, we should take a
look at Figure 3.23, when the security timer is done, TO. Therefore, when TO is ON, and at
once, T2 and W0.05 both are OFF, the Security Barrier down mode will be switched ON,

WO0.06. This command is reset when W0.01, “ticket has been taken” mode, is turned off

again.

T0000 T0002 W0.05
|| A VA
11 r I

Security timer  Time while bar...  Barrier Down KEEP(011) Keep

Wo0.01 W0.06 Security Barrier down

11 Bit
Ticket has bee 1

Fig. 3.23. “Security Barrier” settings
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All of this means that, as no car has entered after the security time, it is supposed that
the car has moved back. For that reason, it is required to make the barrier down and finish the
process. Lately, the barrier will go down as explained before.

Additionally, with the aim of controlling how many cars there are within the parking
garage, it has been added a counter. This counter will add up or down whether a car enters or
exits, and thus, it will show the number of parking places available at the moment. In this
example, the parking garage contains fifty parking places.

Basically, either the entrance mode is ON, WO0.00, or the exit mode, WO0.03, the
counter will count in one way or another. Moreover, the bit “Barrier Down”, W0.05, must be

energised to claim that the car has truly gone through the barrier, shown in Figure 3.24.

W0.0S W0.00
1|

H
E*am;v l[@ wn Entrance CNTR(012) Reversible Counter

W0.05 Ww0.03 0000 Number of cars
L 1T Counter number
Barrier Down Exit 2 Bed

P_First_Cycle #50 Set value
1|

First Cycle Flag

Fig. 3.24. Cars counter

After mainly explaining when the car enters the parking garage, when we refer to the
exit mode, some slight differences have to be mentioned. In this case, the car must give the
ticket that previously took entering the parking garage. So, a switch that simulates the exit
ticket machine is attached to the PLC. Contrary to the “Take ticket” switch, this new switch
with the address 0.11, is differentiated Down and will activate bit W0.02, which means that
the ticket has been given. In addition, T2 appears with the same performance, as we have
seen before. The pin 11 on the input rack will be temporarily illuminated due to turning on
the switch 0.11, Figure 3.25.

On the other hand, the W0.14 bit, “HMI give the ticket”, and the W0.09 bit, “stop the

process”, are related to the HMI simulation.
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Wo0.14

| I
1T
HMI Give ticket KEEP(011) Keep
l:0.11 W0.02 Ticket has been given
{1} Bit
Give ticket 1
T0002

11
1T
Time while bar...

W0.09
1|

1T
HMI Stop proc.

Fig. 3.25. The car gives the ticket in order to start the process

Later on, similar to the Entrance mode activation, sensor 1, addressed as 0.09, will
turn on the exit Mode, bit W0.00. Also T2 appears with the same performance, seen
previously. The pin 9 on the input rack will be temporarily illuminated due to turning on the
switch addressed as 0.09, Figure 3.26.

On the other hand, the WO0.11 bit is the simulation of the sensor in HMI programming.

Wo0.02 WO0.11
N | | -
Ticket has bee HMI Sensor 1 KEEP(011) Keep
I: 0.09 W0.03 Exit
Tl Bit
Sensor 1 1
T0002
{ |
Time while bar
W0.09
1 |
10
HMI Stop proc

Fig. 3.26. Sensor 1 detects the car going toward the barrier

3.5.4. HMI program
In this chapter, I am explaining the HMI software that I have developed for the
automated parking garage process. The program comprises three areas (Figure 3.27), as
follows:
o MANUAL SETTING
o PLC SETTING
o HMI SETTING
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I e 27-04-23 09:34:49

o . >

¥ 1 £ PARKING »
o i

Fig. 3.27. Main screen

Speaking about the “Manual Setting”, the parking garage can be simulated manually
by the user. This means that there will not be any interaction neither with the PLC nor with
the computer, only the HMI screen will take part.

When the user will press the button, it will emerge another screen. Within this, exists
the possibility to simulate either the ticket action or the entrance and exit process. Also, a
screen with some cars from the parking and their number plate has been added. It can be

shown in Figure 3.28.

27-04-23 10:38:55

MANUAL SETTING

Fig. 3.28. Manual Setting screen
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Appertaining to the ticket screen, firstly the user will be able to choose the ticket’s
machine language. There is a huge variability of languages, shown in Figure 3.29, such as
Latvian, Russian, Spanish, English, German, and French.

After the user has chosen the language which suits better for him, the user will be
automatically redirected to the next step (Figure 3.30). In this stage, the customer should

choose between taking or giving the ticket, as an entrance or exit process respectively.

Select the language W
ol [
i l

ol - el

- -
——

27-04-23 10:39:22

7S

Fig. 3.29. Select the language screen

27-04-23 10:39:48
ATLASIET

NEMIET BILETI DODIET BILETI

S ==

Fig. 3.30. Ticket process

54



Later on, if the customer selects “Take ticket”, another screen will come out. In this
one, the buyer will be asked for paying 1,50 $ by card or cash. Then, after paying, the ticket
will be ready to be taken and thus, the entrance process will continue. It can be seen Figure
3.31.

On the other hand, about giving the ticket to get out of the parking garage, the steps

are practically the same, seen in Figure 3.32.

MAKSAJUMS m
SKAIDRA NAUDA I

KREDITKARTE

27-04-23 10:40:31

Fig. 3.31. “Take ticket process”

GIVE TICKET TO GET OUT W
GIVE TICKET

J HAVE A GOOD DAY

18-05-23 16:34:21

Fig. 3.32. “Give ticket” process
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After all, the user will return to “Manual Setting” screen by pressing the “Return”
button (Figure 3.33). In this phase, with the aim of simulating the process, the button
“Process” should be pressed. There, it can be chosen either the entrance or the exit mode, as it

can be shown in Figure 3.34.

— rerum|

ENTRANCE EXIT

03-05-23 13:50:01

Fig. 3.33. Car process

—  rerum|
‘0 3 BARRIER ON .

SENSOR 1 SENSOR 2

BARRIER OFF

27-04-23 10:41:20

Fig. 3.34. Entrance process

As can be seen in Figure 3.34, if simulating the entrance process, the user will be able

to turn on manually the barrier and the sensors, imitating the entrance action.
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Alternately, the exit mode is analogous (Figure 3.35).

BARRIER ON @

SENSOR 1 SENSOR 2
BARRIER OFF @

18-05-23 16:37:39

Fig. 3.35. Exit process

Moving to the other section, “PLC setting”, it is referred to show visually the PLC
process. In this case, the user will control the external components, which are attached to the
PLC, and the entire process will be shown on the HMI screen. In this section, the PLC, HMI
and computer will take part, however the HMI will solely have the function of showing the
process.

After entering this “PLC setting” section, it will be asked whether the user wants to

visualize the entrance or exit process, as it can be shown in the Figure 3.36.

PLC SETTING | reruan

ENTRANCE EXIT

Fig. 3.36. PLC setting screen

57



First of all, speaking about the entrance action, the HMI screen will show how the car
enters the parking, with all the PLC hardware involved. Then, going through this input
section, you can see in Figure 3.37 the program without being running. You can easily see all
the addresses of each component. On the other hand, some outputs are superimposed, with
the aim of simulating different stages. For example, the motor and the barrier appear in
different positions. Also, some timers such as the time while the barrier is going up and

down, and the timer security, has been implemented. In addition, the car counter.

© e

BARRIER VOLTAGE [

lPLCO jezy bit O i

TAKE TICKET
FFFF g

i
QICAR COUNTER] b -
BARRIER VOLTAGE HEXADECIMAL _,Il

B TIME GOING DOWN

Fig. 3.37. Entrance process with addressed I/O

After transferring the program to the HMI, the screen will simulate the first stage of
the process, as can be seen in the Figure 3.38. At this moment, the car has not taken the ticket
yet, and the traffic light is completely green.

In addition, appears two numbers that reflect the required voltage that needs the
barrier to go either up or down. The number at the top “Barrier Voltage” shows the range of
voltage, between 0-10 V, however, it is displayed in hexadecimal, which is between 0 and A.
Moreover, “Barrier Voltage hexadecimal” is related to the hexadecimal number converted

from the decimal voltage range.
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oK
il | :

0

u CRH-OUNTER BARRIER VOLTAGE HEXADECIMAL -

1
==l TIMER SECURITY m _
TIME GOING DOWN

= -

Fig. 3.38. Entrance process first stage

Subsequently, the car will take the ticket by pressing a switch attached to the PLC.
Afterward, the HMI screen will show that the traffic light has turned into red. Also, the image

of the car will disappear as a result of the car going toward the barrier, Figure 3.39.

[all .

o

CAR COUNTER

BARRIER VOLTAGE HEXADECIMAL

Fig. 3.39. The car takes the ticket in order to start the process
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In the next phase, sensor 2 will detect the car approaching the barrier, simulated in the
PLC by pressing an attached switch. As we can see in the Figure 3.40, this sensor will

energise by turning into green. Moreover, the car’s image will emerge on the screen.

1'}

L2 =

BARRIER VOLTAGE

BARRIER vOLT AGE HEXADEC|MAL

e
oo |

n CAR COUNTER -
h R el ——

Fig. 3.40. Sensor 2 detects the car approaching and the security timer starts running

In the Figure 3.41, it can be shown the rising barrier process. In order to raise the
barrier, the user has to regulate the required voltage by adjusting the analog resistor attached
to the PLC. This adjustment will be shown on the HMI screen by changing the numbers
related to the voltage. Once the analog resistor has been adjusted to a high voltage, the
barrier’s image will change. Additionally, as a result of rising the barrier, it will emerge a
motor image that simulates its rotation and consequently, the car will move forward.

In the Figure 3.42, the barrier’s image changed as a consequence of the barrier being
completely up. The motor disappeared due to its rotation is over. Also, the car vanished

because it is going through the barrier.
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Fig. 3.41. High voltage adjustment, the barrier goes up and the motor rotates

@)

)
A

w TAKE TICKET
1049 §

BARRIER VOLTAGE HEXADECIMAL

= E ©
/‘ S TIMER SECURITY W

Fig. 3.42. The barrier is completely up and the car goes through it
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In the next stage, sensor 1 will detect the car after going through the barrier, simulated
in the PLC by pressing an attached switch. As we can see in the Figure 3.43, this sensor will

energise by turning into green. Moreover, the car’s image will emerge on the screen.

© m

SENSOR 2

-~

®

m TAKE TICKET [ 1
1049 r

o ;
~ S TIMER SECURITY m TIME GOING DOWN

—— 168
=

Fig. 3.43. Sensor 1 detects the car after it went through the barrier

In the Figure 3.44, it can be shown the process of making down the barrier. In order to
achieve this, the user has to regulate the required voltage by adjusting the analog resistor
attached to the PLC. This adjustment will be shown on the HMI screen by changing the
numbers related to the voltage. Once the analog resistor has been adjusted to a low voltage,
the barrier’s image will change. Additionally, as a result of the barrier going down, it will
emerge a motor image that simulates its rotation and consequently, the car will move
forward. This image of the motor will be different from the one seen before, simulating the
counterclockwise rotation.

In addition, it has been set by the analog resistor a low voltage, but not the lowest,

with the aim of showing other numbers apart from 0.
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SENSOR 2
:

BARRIER VOLTAGE

TAKE TICKET
5EC § =

—= o @
33 A
.

== /-
/ - TIMER SECURITY SENSOR 1

Fig. 3.44. Low voltage adjustment, the barrier goes down and the motor rotates

Then, the process will be reset to the beginning, but the counter will add up to one car.
On the contrary, in order to simulate the exit process, it is necessary to press the exit button
shown in the Figure 3.45. Finally, the HMI screen will show how the car exits the parking,
with all the PLC hardware involved. In fact, this visualization is similar to the entrance
process. The addresses of each component are displayed. Also, the first stage of the process

can be exhibited in the Figure 3.46.
Rl < W o () I
‘ : . A PLCH” (R SENSOR 1 TIME GOING UP
@ 5 vy Y]
m TAKE TICKET [ oo F | e '

e Htt E =)
|

Fig. 3.45. Exit process with addressed 1/0
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\ TIMER SECURITY SENSOR 2

Figure 3.46. Exit process first stage

Basically, in order to achieve this simulation on the HMI screen, the addresses of the
PLC software have been linked with the HMI inputs and outputs. For example, some outputs,
such as the “Take ticket” image have two different images: the ticket machine when it is OFF
and the ticket when is ON. Moreover, related to simulating the car going through each stage,
for instance, it has been implemented the car image when it is ON, and no image when it is
OFF. Although in the first image car, is on the contrary. The motor images work exactly the
same, the motor appears when it is ON, and nothing when it is OFF. Related to the barrier
output, many barrier pictures of different phases have been overlapped in order to allow the
user to see the correct barrier position at each stage. Also, it works as the motor and car
outputs, however, as there are many barrier pictures, new rungs have been programmed into

the ladder diagram in order to get more addresses, seen in the Figure 3.47.

Q: 1.00 Q:1.12 Q:1.10 Q:1.08 Q:1.15 1. 0.06
|| % % I % O—
Security time r... Motor On ( On... Motor On ( Ot HMI Motor Min Voltage
Q: 1.00 Q:1.12 Q:1.10 Q: 1.08 Q:1.14 012
|| 1A I A A O— Hue
Security time r... Motor On ( On... Motor On ( Ot.. HMI Motor Max Voltage

Fig. 3.47. HMI addresses added to the ladder diagram
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In Figure 3.48, can be seen the additional rung that has been implemented into the

CX-Programmer in order to achieve the last car image.

l Q:1.15 W0.05 W0.15 |
1 || > HMI CAR GOING AWAY

L 1
| Min Voltage Barrier Down ‘

Fig. 3.48. HMI addresses added to the ladder diagram

The last area, “HMI setting”, is related to controlling the process by the HMI. In this
case, the user will be able to simulate the software solely with the HMI. For instance, instead
of pressing the attached PLC switches, it will be just necessary to press a button on the HMI
screen and will do the same function as the real switch. Basically, the Figure 3.49 can show
the functions that the user is able to do by pressing the buttons. It should be emphasized that
when the user presses the buttons “Barrier UP” or “Barrier Down”, the motor attached to the
PLC will start the rotation clockwise or counterclockwise respectively. In addition, the button
“STOP” has been implemented exclusively in this section. It has the target of stopping the

process immediately.

» @ &8 N .
EE EEE S

Fig. 3.49. HMI setting screen

For instance, in the Figure 3.50 it can be shown the interaction between the computer,

PLC and HMI. When the user presses the button “Take ticket” on the HMI screen, the bit
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WO0.13 “HMI Take ticket”, on the ladder diagram, will be activated. In addition, the bit
WO0.01 “Ticket has been taken” will be energised, and the user will be able to move forward

to the next step.

s

e e e R P L T 6’(’.7'/
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3 1een |
_—— |
Take scret
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Fig. 3.50. Example of PLC, computer, and HMI interaction by pressing "Take ticket" HMI button

Basically, in order to be able to make the simulation manually with the HMI and
interact with the computer and PLC, some additions have been made to the CX-Programmer
software. Mainly, adding Ladder Logic OR functions, as displayed in the Figure 3.51. For
instance, Ladder Logic OR functions with sensor 2 and HMI sensor 2. An example activating

“Sensor 2” from the HMI can be seen Figure 3.52.
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Figure 3.52. Example of PLC, computer, and HMI interaction by pressing the “STOP” HMI button
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CONCLUSIONS

This section is devoted to summarising the main findings of this work, as well as

suggesting some plans for possible future work.

RESULT FROM PRESENT WORK

In conclusion, the thesis emphasizes the increasing importance of PLCs and HMIs in
today’s world, highlighting their role in efficiency, productivity, and enabling effective
human-machine interaction. It has been demonstrated the practical implementation of the
setup, which provides a safe and controlled environment for testing before deploying the
system in actual industrial settings. In addition, this test bench has presented its versatility
and scalability by allowing the user to make continuous changes to the software or
components, due to its capability to transfer the program to the PLC and HMI quickly. The
research conducted in this thesis has provided a comprehensive understanding of the
integration between hardware components and software programs. As a result, due to
combining theoretical and implementation parts, this project has contributed to a deeper
understanding of this topic, which allows future students to acquire the skills needed to

contribute to the development and implementation of advanced automation systems.

FUTURE WORK

In order to improve the comprehensive parking garage simulation, it can be added an
OMRON camera “ZFV-SC50”. This camera might detect the car’s license plate number and
send this information to the PLC, working as a digital input. Moreover, this project could be
further refined by adding some analogue I/O examples. For instance, adding either a
multimeter that shows the input voltage, which would be positive for the barrier voltage, or a
sensor that detects an object approach, which might detect the car and send this information
to the PLC as an analog input.

In addition, related to the TCP/IP connection, the computer can be connected via
WIFI with the Ethernet network. Apart from that, different real-world simulations can be

created, involving different external components.
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